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(54) Storage medium, recording/reproducing apparatus, and recording/reproducing method 



(57) In a storage medium such as a DVD+R or 
DVD+RW disc having a plurality of recording layers, the 
maximum address (i.e., the maximum physical sector 
number of a layer) of a user-data-recordable region (da- 



ta zone) In each recording layer Is recorded as physical 
format information in a wobbling groove. Based on the 
Infomnation, a recording/reproducing apparatus checks 
the maximum address of a data zone in each recording 
layer. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a storage me- 
dium such as a data-recordable disc having a plurality 
of infomiation recording layers and to a recording/repro- 
ducing apparatus and a recording playback method for 
the storage medium. 

2. Description of the Related Art 

[0002] Optical discs, optical cards, and so on have 
been l<nown as optical storage media to and/or from 
which information can be optically recorded and/or re- 
produced. Information is recorded to or reproduced from 
such optical storage media by using laser light of a sem- 
iconductor laser or the like as a light source, converging 
the laser light into a tiny light beam through a lens, and 
illuminating the optical storage media with the tight 
beam. 

[0003] For the optical storage media, techniques for 
increasing the recording capacities are under intense 
development. Conventional approach for increasing the 
information recording density of optical discs has been 
focused on increasing the recording density of recording 
surfaces of the discs. For example, attempts have been 
made to reduce the track pitch and to increase the re- 
cording density in the direction of linear velocity at re- 
cording and reading/scanning, in combination with a re- 
producing operation performed by a reproducing sys- 
tem and a reduction in the wavelength of a light source 
that emits a recording beam. 

[0004] However, shortening the wavelength of a light 
source is limited to an ultraviolet region and the size of 
pits can only be reduced to a size transferable to a disc 
during a cutting process. As a result, attempts to im- 
prove the recording density will eventually encounter a 
limit in a two-dimensional disc region. 
[0005] Accordingly, an approach to Increasing the ca- 
pacity from the three-dimensional perspective has also 
been made. That is, attention has been directed to a 
multilayer disc fomied by laminating Information record- 
ing layers to increase the density of recorded infomna- 
tion in the disc thickness direction. 
[0006] A multilayer storage medium having laminated 
recording layers can multiply the recording capacity ac- 
cording to the number of recording layers and can read- 
ily be integrated with another high-density recording 
technology. As multilayer storage media, for example, 
DVD-ROM (digital versatile disc read only memory) 
discs, which are read-only discs, are already put to prac- 
tteal use. 

[0007] For example U S. Patent Nos. 6,682,372. 
5,740,136, 5,793,720, and 6,424.614 disclose configu- 
rations of read-only optical discs having two recording 



2 

layers and technologies applicable to recording and re- 
producing information to and from such optical discs. 
[0008] In the future, in addition to ROM discs, it is an- 
ticipated that recordable multilayer storage media hav- 

5 ing laminated recordable recording-layers containing 
phase-change material, magneto-optical material, dye 
material are put to practical use. For example, in the 
case of DVD discs, It is also expected that multilayer 
recording layers are incorporated into write-once discs, 

10 such as DVD-R and DVD-i-R, and rewritable discs, such 
as DVD-RW. DVD+RW, and DVD-RAM. 
[0009] Naturally, for a write-once or rewritable multi- 
layer storage medium, user data is recorded in each lay- 
er. Thus, a recording apparatus needs to check a max- 

15 imum position where user data can be recorded (I.e., a 
maximum address in a region where user data can be 
recorded) in each layer. 

[0010] In general, for a write-once recordable disc or 
rewritable disc, a user-data-recordable region (data 

20 zone) is set based on a fomnat, but infomnation of the 
first address and the maximum address Is recorded on 
the disc. Thus, based on the information, a recording/ 
reproducing apparatus can check a region for the data 
zone to control a recording operation. 

25 [0011] For example, for a dual-layer disc, a data zone 
exists in both a first layer (layer 0) and a second layer 
(layer 1) and thus the first address of the data zone is 
located at a certain address in layer 0 and the maximum 
address is located at a certain address in layer 1 . That 

30 is, when only layer 0 is considered, the maximum ad- 
dress of the data zone is not recorded therein. 
[0012] In essence, however, the maximum address is 
defined as a disc physbal fomnat. Thus, even when the 
maximum address for each layer Is recorded in the disc, 

35 this does not directly lead to inconvenience in a record- 
ing/reproducing operation. That is, with respect to a disc 
loaded, it is sufficient for the recording/reproducing ap- 
paratus to perfomri operation by considering the maxi- 
mum addressof a datazone in each layer as an address 

40 value defined by the fomnat, without checking a physical 
address recorded on the disc. 

[0013] Such a situation, however, is not preferable 
when future format changes, including an expansion 
and a change in the recording capacity, are considered. 

45 [0014] In order to allow a recording/reproducing ap- 
paratus to flexibly deal with fomnat changes of a disc 
having a plurality of recording layers, the recording/re- 
producing apparatus needs to be able to easily check 
the maximum address of a data zone in each layer for 

50 each disc. 

[0015] By way of example, for DVD+R and DVD+RW 
discs, addresses, which are known as ADIP (ADress In 
Pre-groove), and physical format information are pre- 
recorded by wobbling recording tracks. 

55 [0016] The physical format information contains the 
first address and the maximum address of a data zone. 
For dual-layer discs, however, since a data zone lies 
across two recording layers, the maximum address of 
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layer 0, which address being logically located at an In- 
termediate position, is not recorded. Thus, the record- 
ing/reproducing apparatus performs operation using a 
maximum address specified by the format, which makes 
it difficult to deal with a change In the format and so on. 5 

SUMMARY OF THE INVENTION 

[0017] Accordingly, in view of the foregoing situations, 
an object of the present Invention Is to allow a recording/ io 
reproducing apparatus to easily check the maximum po- 
sition of a user-data recordable region in each recording 
layer In a recordable disc having a plurality of recording 
layers. 

[001 8] To achieve the foregoing object, one aspect of ^5 
the present Invention provides a storage medium. The 
storage medium Includes a plurality of recording layers 
to which data Is recordable and wobbling grooves that 
are pre-formed in relation to the plurality of recording 
layers as recording tracks in accordance with addresses 
and physical fomnat information. The physical format in- 
fomiation contains infomnation of a maximum position 
at which user data is recordable in each recording layer. 
[0019] Another aspect of the present Invention pro- 
vides a recording/reproducing apparatus for the storage 
medium. The recording/reproducing apparatus includes 
a recording/reproducing unit for recording and/or repro- 
ducing data to and/or from each recording layers, and 
a groove-Information reading unit for reading the ad- 
dresses and the physical format information which are 
recorded with the wobbles of the grooves. The record- 
ing/reproducing apparatus further Includes a controlling 
unit for checking a user-data-recordable maximum po- 
sition based on the physical format information read by 
the groove-infomriation reading unit, to control a record- 
ing/reproducing operation. 

[0020] Preferably, the controlling unit causes the re- 
cording/reproducing unit to record control Information, 
containing the physical fonnat information, In a prede- 
termined region of the storage medium at predeter- 
mined timing after recording of the user data, and the 
value of the maximum position Information is changed 
In accordance with an actual recording state of the user 
data. The maximum position information Is a content of 
the physical format information contained in the control 
infomiatlon. 

[0021] Still another aspect of the present Invention 
provides a recording/reproducing method for the stor- 
age medium. The recording/reproducing method in- 
cludes a groove-infomriation reading step of reading the 
addresses and the physical fomriat Information which 
are recorded with the wobbles of the grooves, and a 
checking step of checking a user-data-recordable max- 
imum position based on the physical fomnat infomiation 
read in the group-infonnation reading step. The record- 
ing/reproducing method further includes a controlling 
step of performing predetermined control for a record- 
ing/reproducing operation, in accordance with the user- 



data-recordable maximum position checked in the 
checking step. 

[0022] Preferably, the recording/reproducing method 
further includes a control-infomnation recording step of 
recording control information, containing the physical 
format information, in a predetermined region of the 
storage medium at predetermined timing after recording 
of the user data. In the control-information recording 
step, the value of the maximum position information is 
changed in accordance with an actual recording state 
of the user data. The maximum position information is 
a content of the physrcal format Infomnation contained 
in the control information. 

[0023] Thus, according to the present invention, in a 
storage medium such as a DVD+R or DVD+RW disc 
having a plurality of recording layers, the maximum ad- 
dress of a user-data-recordable region (data zone) in 
each recording layer Is recorded as physical format In- 
formation in a wobbling groove. Based on the Informa- 
tion, the recording/reproducing apparatus checks the 
maximum address of a data zone in each recording lay- 
er. 

[0024] As can be understood from the above descrip- 
tion, In the storage medium according to the present in- 
vention, the maximum address of a user-data recorda- 
ble region in each recording layer is recorded as phys- 
ical fomnat infomnation in a wobbling groove. Thus, 
based on the information, the recording/reproducing ap- 
paratus can check the maximum address of a data zone 
in each layer. That is, for each disc, the recording/repro- 
ducing apparatus can check the maximum address of a 
data zone in each layer of the disc and can control a 
recording/reproducing operation based on the maxi- 
mum address. 

[0025] This arrangement advantageously can facili- 
tate dealing with a data-zone change resulting from fu- 
ture format expansion/change. 

[0026] Since controlling for recording/reproducing op- 
eration. Involving regulating a recording region in each 
layer and a movement during access, is perfomned 
based on the checked maximum address, the recording/ 
reproducing apparatus according to the present inven- 
tion can deal with various types of storage media having 
different fomnats (for data zone regions). 
[0027] According to the present invention, at prede- 
termined timing after user data Is recorded, control in- 
formation containing the physical format Information is 
recorded in a predetermined region of a storage medi- 
um, and the value of infomnation of a user-data-record- 
able maximum position, which is a content of the phys- 
ical fomnat Information contained In the control informa- 
tion, is changed in accordance with the actual recording 
state of the user data. Thus, the maximum address of 
each layer after recording is reflected in the control in- 
formation (I.e., the lead in). This arrangement, therefore, 
can perfomn appropriate control by checking the maxi- 
mum address based on the control information. ' 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

FIG. 1 shows a data area structure and physical 
sector numbering; 

FIGS. 2A and 2B show session stmctures of write- 
once discs, respectively; 
FIG. 3 Is a diagram Illustrating a dual-layer disc; 
FIGS. 4A and 4B are diagrams illustrating a parallel 
track path; 

FIGS. 5A and 5B are diagrams Illustrating an oppo- 
site track path; 

FIGS, 6A and 6B are diagrams illustrating ADIP In- 
formation; 

FIG. 7 shows an ECO block unit of ADIP; 

FIG. 8 is a table showing PFI In ADIP; 

FIG. 9 is a table showing a data zone allocation of 

the PFI in the ADIP; 

FIG. 10 is a block diagram showing a recording/re- 
producing apparatus according to an embodiment; 
FIG. 1 1 is a flow chart showing close processing for 
a write-once disc in the embodiment; 
FIG. 12 is a flow chart showing a lead-in update 
processing for a rewritable disc In the embodiment; 
and 

FIG. 13 is a flow chart showing processing upon the 
insertion of a disc in the embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0029] An embodiment of the present Invention will be 
described below In the following sequence. 

1 . Configuration of Disc 

1-1 Area Structure of Recording Layer 
1-2 Dual-layer Disc 

1- 3 ADIP Structure 

2. Disc Drive Apparatus 

2- 1 Configuration of Apparatus 

2-2 Close Processing for Write-once Disc 
2-3 Lead-in Update Processing for Rewritable 
Disc 

2-4 Processing upon Insertion of Disc 

3. Modification 

1 . Configuration of Disc 

1 -1 Area Structure of Recording Layer 

[0030] An embodiment of the present invention will 
now be described in connection with DVDs (Digital Ver- 
satile Discs) as large-capacity disc storage media. A 
disc drive apparatus, which is described below, records 



and/or reproduces information to and/or from a DVD. 
[0031] For recordable DVD discs, multiple types of 
standards, including DVD+R. DVD-R. DVD-RW, 
DVD-RW, and DVD-RAM, are available. A description 
5 herein will be given, by way of example, of a DVD+R 
disc, which is a write-once medium, and a DVD+RW 
disc, which is a rewritable disc. 

[0032] For example, when a DVD+R or DVD+RW disc 
is loaded into a disc drive apparatus (i.e., a recording 

10 apparatus), Information unique to the disc is read from 
ADIP (ADdress In Pre-groove) information written in a 
wobbling groove in a recording surface, so that the disc 
is identified as a DVD+R or DVD+RW disc. The identi- 
fied disc is subjected to recording and Is then ejected 

15 from the recording apparatus. The disc may be loaded 
into the recording apparatus again. In such a case, the 
disc may be loaded Into the same recording apparatus 
again or may be loaded into another recording appara- 
tus or reproducing apparatus for data exchange. 

20 [0033] In view of such usages, the logical fomnat of 
DVDs is designed to ensure smooth recording compat- 
ibility and playback compatibility between apparatuses. 
[0034] RG. 1 shows a layout of a recording layer of 
DVD+R and DVD+RW discs. As shown, In a logical data 

25 layout of a recording layer of DVD+R and DVD+RW 
discs, an information zone is provided from the inner- 
circumference side of the disc to the outer-circumfer- 
ence side. The infomnation zone contains all information 
needed to ensure data recording compatibility and play- 

30 back compatibility. 

[0035] The infomnation zone contains one or more 
sessions. 

[0036] The inf onnation zone primarily contains the fol- 
lowing five sections: 

35 

1) Inner Driver Area 

2) Lead-in Zone (or Lead-in Area) 

3) Data Zone (or Data Area) 

4) Lead-out Zone (or Lead-out Area) 
40 5) Outer Drive Area 

[0037] The lead-in zone, the data zone, and the lead- 
out area are located in a region that can be readily ac- 
. cessed even by a read-only apparatus. 

45 [0038] The Inner drive area and the outer drive area 
are used exclusively for a recording apparatus. When 
infomnation is recorded, laser power for recording must 
be adjusted such that appropriate recording marks can 
be formed. Thus, a test zone that can be used for test 

50 recording for determining an optimum recording condi- 
tion and an area that can be used for recording control 
infomnation relevant to recording conditions are provid- 
ed In the inner drive area and the outer drive area. As a 
result of test recording, the recording state of the test 

55 zone becomes uneven, and thus there is no guarantee 
that the test zone can be accessed by a read-only ap- 
paratus without any problem. The test zone, therefore, 
is located at a position that Is not accessible by a read- 
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only apparatus. 

[0039] Physical sector numbers (PSNs) are assigned 
as absolute position information on the disc. 
[0040] As shown, the physical sector numbers in- 
crease, for example, from the disc Inner-circumference 5 
side toward the outer-circumference side. For a DVD+R 
disc, a position where the PSN Is 2FFFFh (the numeric 
value with h is expressed in a hexadecimal representa- 
tion) indicates the end of the lead-in zone and a position 
where the PSN Is SOOOOh Indicates the start of the data 
zone. 

[0041] The data zone is essentially a zone to which 
user data is written and the lead-in zone Is a zone to 
which control Information Is written. The lead-out zone 
Is a zone to which dummy data is written, for example, 
for maintaining compatibility with read-only discs. 
[0042] In a DVD+R or DVD+RW disc, the entire Infor- 
mation zone can be used for writing data and a wobbling 
groove Is formed as a recording track. During recording, 
tracking the groove allows a track to be appropriately 
traced in a non-recording region where pits (i.e., dye- 
change pit marks or phase-change pit marks) are not 
provided. 

[0043] Further, ADIP information is recorded by wob- 
bling the groove. The physical sector numbers (PSNs) 
are recorded as ADIP addresses In the Infomnation 
zone. 

[0044] In addition to the ADIP addresses, the ADIP 
Information contains physical format information (PFI), 
which is described below. 

[0045] In particular, as shown in FIG. 1 , the PFI is re- 
peatedly recorded as ADIP Infomnation in the lead-out 
zone. 

[0046] Wrth regard to recordable discs such as 
DVD-i-R and DVD+RW discs, when compatibility with 
read-only discs are desired (i.e., when playback with a 
read-only apparatus is to be made possible), close 
processing needs to be performed to finalize recording 
with the configuration of a session (which may also be 
referred to as a "border") consisting of a lead-in zone, a 
data zone where no unrecorded portion remains, and a 
lead-out zone. 

[0047] For a write-orKie medium such as a DVD+R 
disc, after user data is written to a data zone with a re- 
cording apparatus, a session (or the entire disc) Is 
closed (i.e., finalized). In this case, appropriate control 
Information is recorded in the lead-In zone, and In the 
data zone, a region to which user data has not been writ- 
ten is filled with dummy data (i.e., a lead-out), so that 
the medium can also be played back with another re- 
producing apparatus. In other words, when the medium 
Is In an unclosed state (i.e., in an open state), appropri- 
ate control information has not yet been recorded In the 
lead-in zone. Thus, at this point, the medium lacks play- 
back compatibility. Further, when an unrecorded region 
where no pits are formed exists in the data area, a read- 
only apparatus cannot perform tracing appropriately. 
Accordingly, dummy data Is written to the medium. One 



major cause for the above-described problem is that 
tracking error detection systems are different between 
recorded regions and unrecorded regions and thus the 
read-only apparatus is not compatible with the tracking 
error system for unrecorded regions. 
[0048] As described above, for a write-once disc, 
playback compatibility can be attained by performing 
close processing at a point when writing of necessary 
user data is completed and no additional writing is yet 
performed. After the close processing, any more writing 
cannot be perfomned on the disc. On the other hand, 
while a disc is in the open state, the disc does not have 
playback compatibility but is In a state In which addition- 
al data can be written. 

[0049] For a rewritable disc, even once It Is finalized, 
additional data can be recorded by erasing data. 
[0050] Such a situation causes a problem specific to 
write-once discs. Specifically, once recording Is com- 
pleted on a DVD+R disc based on a session configura- 
tion, even if an unrecorded portion remains, the unre- 
corded portion cannot be used permanently. 
[0051] Accordingly, the concept of multiple sessions 
has been introduced to compensate for the problem of 
the single session layout that wastes a remaining unre- 
corded region. The multi-session can achieve playback 
compatibility by only making minimal chiange to a read- 
only apparatus. 

[0052] For a multi-session DVD+R disc, multiple ses- 
sions up to 191st session are available. 
[0053] Each session Includes: 

1) Intro, 

2) Data zone, and 

3) Closure. 

[0054] Each session becomes available for data re- 
cording by opening (i.e., opening processing) and Is fi- 
nalized by closing (I.e., close processing). 
[0055] When an unrecorded data zone remains on the 
disc, a session can be added by the opening. In such a 
case, data in an inner session can be logically imported 
Into the new seisslon. The Intro and closure act similariy 
to the above-described lead-in and lead-out, respective- 
ly. During the update of the lead-in zone or the update 
of Intonnation in the lead-in zone after a next session is 
completed, the intro and the closure are used to tempo- 
rarily store current information and, In terms of at- 
tributes, to record ordinary data. Thus, the intro and the 
closure are given nahnes that are different from the lead- 
in and the lead-out. 

[0056] FIGS. 2A and 2B show session layouts. 
[0057] FIG. 2A shows a single-session configuration. 
[0058] In the Information zone, the lead-in zone Is fol- 
lowed by a user data area, in which user data is record- 
ed, and the user data area is followed by the lead-out 
zone. 

[0059] FIG. 2B shows a multi-session configuration. 
[0060] In the infomnation zone, In a region between 
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the lead-in 2one and the lead-out zone, session 1 . ses- 
sion 2, .... and session N are provided sequentially from 
the beginning, 

[0061 ] First session 1 contains the lead-in zone, a us- 
er data area, and a closure. 

[0062] Second session 2 contains an intro, a user da- 
ta area, and a closure. 

[0063] Last session N contains an Intro, a user data 
area, and the lead-out zone. 

[0064] As can be understood from comparison with 
FIG. 1 , for the multi-session disc, first session 1 contains 
the lead-in zone that precedes the data zone shown in 
FIG. 1. 

[0065] Last session N contains the lead-out zone that 
follows the data zone shown in FIG. 1 . 
[0066] As described above, one session needs to be 
completed by a lead-in zone, a data zone, and a lead- 
out zone. Forthe multi-session disc, however not every 
session can contain a lead-in zone and a lead-out zone, 
and thus areas for intros and closures are provided. 
[0067] For example, in session 1 , a closure is provid- 
ed instead of a lead-out zone; in session 2, an intro is 
provided Instead of a lead-in zone and a closure is pro- 
vided instead of a lead-out zone; and in last session N, 
an intro Is provided instead of a lead-in zone. 
[0068] The user data area in session 1 to the user data 
area in session N shown In FIG. 2B are contained in a 
zone corresponding to the data zone shown in FIG. 1. 
That is, the intros and the closures lie within a zone cor- 
responding to the data zone shown in FIG. 1 . This is the 
reason why the intros and the closures have attributes 
In which they are recorded as ordinary data. 

1-2 Dual-layer Disc 

[0069] Now, a dual-layer recordable DVD having two 
recording layers will be discussed. This dual-layer DVD 
has a structure in which recording layers, which are con- 
stituted by dye-change recording films or phase-change 
recording films, are laminated In two layers witli relative- 
ly small spacing therebetween. 

[0070] FIG. 3 schematically shows a disc 1 that has 
two laminated recording layers, i.e., layer 0 and layer 1 . 
[0071] When recording is perfomied on such a dual- 
layer disc, laser light emined by an optical pickup (opti- 
cal head) 3 of a disc drive apparatus Is focused on either 
of the recording layers via an objective lens 3a, so that 
signals are recorded on the recording layer. 
[0072] Viewed from the objective lens 3a, layer 0 is a 
nearside recording layer and layer 1 is afar-side record- 
ing layer. 

[0073] Forthe dual-layer disc, two recording systems, 
namely, a parallel track path and an opposite track path, 
are available. 

[0074] FIGS. 4A and 4B show a case of a parallel 
track path. 

[0075] As described above, the physical sector num- 
bers (PSNs) are real addresses recorded on the disc. 



By contrast, logical block addresses (LBAs), or logical 
block numbers, are addresses given to an array of log- 
ical data handled by a computer. The PSNs and the 
LBAs are associated with each on a one-to-one basis. 

5 [0076] For the parallel track path shown in FIG. 4A, in 
each of layers 0 and 1 , a lead-in area, a data area, and 
a lead-out area are provided from the inner-drcumfer- 
ence side toward the outer-circumference side. 
[0077] Data is recorded from Start PSN(=30000h) at 

10 the inner-circumference side of layer 0 to End PSN(O), 
which indicates the end of the data area of layer 0. Sub- 
sequently, data is recorded from Start PSN(=30000h) at 
the inner-circumference side of layer 1 to End PSN(1) 
at the outer-circumference side. 

15 [0078] As shown in FIG. 4B, the logical block address- 
es LBA are sequentially assigned from the inner-circum- 
ference side of layer 0 to the outer-circumference side 
and further from the Inner-circumference side of layer 1 
to the outer-circumference side 

20 [0079] FIGS. 5A and 5B show a case of an opposite 
track path. In a disc having an opposite track path, data 
is recorded from the Inner-circumference side of layer 0 
to the end of layer 0 and is then recorded from the outer- 
circumference side of layer 1 toward the inner-circum- 

25 ference side. 

[0080] As shown in FIG. 5A, for the opposite track 
path, In layer 0, a lead-in area, a data area, and a middle 
area are provided from the inner-circumference side to- 
ward the outer-circumference side. Further, in layer 1 , 

30 a middle area, a data area, and a lead-out area are pro- 
vided from the outer-circumference side toward the in- 
ner circumference. 

[0081] Data is recorded from Start PSN(=30000h) at 
the inner circumference of layer 0 to End PSN(O), which 
35 is the end of the data area of layer 0. Subsequently, data 
is sequentially recorded from the outer-circumference 
side (I.e., the inverse of End PSN(O)) of the data area 
of layer 1 toward End PSN(1 ) of the inner-circumference 
side. 

40 [0082] As shown in FIG. 5B, the logical block address- 
es LBA are sequentially assigned from the Inner-circum- 
ference side of layer 0 to the outer-circumference side 
and are, in a returning manner, from the outer-circum- 
ference side of layer 1 to the inner-circumference side. 

45 [0083] In this manner, the parallel track path and the 
opposite track patli are different from each other In a 
physical storage method (i.e., the sequence) of data. 
[0084] For the opposite track path, middle areas are 
added to the portions outside the interlayer-retum por- 

50 tlon. The reason is as follows. For the opposite track 
path, the lead-in area is provided in layer 0 and the lead- 
out layer is provided in layer 1 . Thus, neither a lead-in 
area nor a lead-out area is provided at the outer-circum- 
ference side of the data area. Further, since a read-only 

55 appairatus reads pits recorded on a disc surface, and 
thus can neither perfonm servo-operation nor read data 
with stability with respect to a pit-free area. As a result, 
the opposite track path requires a region that serves as 
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a guard. This necessitates the formation of the middle 
areas at the outer-circumference side, where, for exam- 
ple, dummy data is recorded to provide the same func- 
tion as a lead-out area. 

1-3 ADIP Structure 

[0085] The structure of ADIP infomnation, which is re- 
corded as a wobbling groove, will now be described. 
[0086] FIG. 6A shows a wobbling unit. One wobble 
corresponds to a section of 32 channel bits, and 8 wob- 
bles and 85 monotone wobbles, i.e., 93 wobbles, con- 
stitute one unit including an ADIP unit. 
[0087] Further, 85 monotone wobbles correspond to 
unmodulated 85 wave wobbles. The first 8 wobbles are 
phase-modulated in accordance with information so as 
to have information as one ADIP unit. 
[0088] FIG. 6B shows an ADIP word stnjcture. 
[0089] A group of 52 ADIP units, each unit being con- 
stituted by 8 wobbles as described above, constitutes 
one ADIP word. 

[0090] Wobble 0, wobbles 1 to 3, and wobbles 4 to 7 
shown in FIG. 6B represent respective eight wobbles 
that constitute one ADIP unit. 

[0091] The first ADIP unit of the of the ADIP word is 
defined as a syric unit, and wobble 0 and wobbles 1 to 
3 are defined as wobbles that are phase-modulated as 
a word sync. 

[0092] The second and later ADIP units in the ADIP 
word are defined as data units, respectively, and wobble 
0 represents bit syncs and wobbles 4 to 7 represent data 
bits (i.e.. data "1" or "0). 

[0093] One ADIP word, which is constituted by 52 AD- 
IP units, corresponds to four physical sectors. 
[0094] Four ADIP words constitute one ECO block, 
which provides ADIP information. . 
[0095] FIG. 7 shows four ADIP words constituting an 
ECCblocl<. . 

[0096] From one ADIP word, 51-bit data. is extracted 
(data bits 1 to 51 ) except for a word sync, as described 
above, and data bits 2 to 23 are used to record ADIP 
addresses. 

[0097] Data bits 24 to 31 are used for AUX data. 
[0098] Data bits 32 to 51 are used for an ECC parity. 
[0099] The ADI P addresses provided by data bits 2 to 
23 are recorded throughout the information zone. 
[0100] As ADIP information in the lead-in zone, the 
PFI (physical format information) is recorded with one- 
byte AUX data per ADIP word (i.e., four-byte AUX data 
for each ECC block). 

[0101] Further, 256 bytes of PFI provides one infor- 
mation unit. That is, AUX data having four bytes for each 
ECC block is gathered to 258 bytes and PFI as shown 
in FIG. 8 is read out. Such PFI is repeatedly recorded 
in the lead-in zone predetermined times using AUX da- 
ta. 

[0102] As in the content of the PFt shown in FIG. 8. 
the PFI contains various types of physteal format infor- 



mation at respective predetermined byte positions. Ex- 
amples include a disc category and version number, 
disc size, disc structure, recording density, data zone 
allocation, disc application code, extended information 
indicator, disc manufacture ID, media type ID, and so on. 
[0103] This PFI provides various types of disc-related 
information, such as a disc type, size, and zone config- 
uration, as well as linear velocity information during a 
recording/reproducing operation. 
[0104] FIG. 9 shows the details of data-zone alloca- 
tion infomnation of byte positions 4 to 15. 
[01 05] As shown in FIG. 9, thefirst PSN (physical sec- 
tor number) in the entire data zone is recorded at the 
three bytes of byte positions 5 to 7. 
[0106] The maximum PSN in the entire data zone is 
recorded at the three bytes of byte positions 9 to 11 . 
[0107] The dual-layer (DVD+R or DVD+RW) disc in 
the present embodiment Is adapted such that maximum 
PSN of a data zone in layer 0 is particularly recorded at 
the three bytes of byte positions 13 to 15. That Is, the 
maximum PSN indicates a maximum position that can 
be used for a data zone in layer 0. 
[0108] For the cases of the dual-layer discs shown in 
FIGS. 4A to 5B, PSNs indicated by those information 
items can be expressed as follows. 
[0109] The first PSN of a data zone including data 
zones of layers 0 and 1 is indicated by "Start PSN" 
shown in FIGS. 4A to 5B. 

[0110] The maximum PSN of the data zone including 
data zones of layers 0 and 1 is indicated by "End PSN 
(1 y shown in FIGS. 4A to 5B. 

[0111] The maximum PSN of a data zone in layer 0 is 
indicated by "End PSN(O)" shown in FIGS. 4A to 5B. 
[0112] That Is, in the present embodiment, the maxi- 
mum PSN of layer 0 is recorded in the PFI, thereby pro- 
viding the maximum address of a user-data recordable 
region in layer 0. For layer 1 , the maximum PSN of the 
data zone provides a maximum address in a user-data- 
recordable region. Thus, since information of the maxi- 
mum PSN of layer 0 is contained in the PFI, it is possible 
to detemriine the maximum address of a data zone in 
each recording layer based on the PFI. 
[01 13] That is, according to the present embodiment, 
in a recordable medium such as DVD+R or DVD+RW 
disc having a plurality of recording layers, the maximum 
address of a user-data-recordable region (data zone) in 
each recording layer is recorded as physical format in- 
formation recorded in a wobbling groove. This allows a 
recording/reproducing apparatus to check the maxi- 
mum address of a data zone In each layer, based on the 
physical format information. 

2. Disc Drive Apparatus 



[01 14] A disc drive apparatus of the present embodi- 
ment which is used for the above-described dual-layer 
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disc (e.g., dual-layer DVD+R or DVD+RW disc) will now 
be described with reference to FIG. 10. 
[0115] FIG. 10 is a block diagram showing a nriajor 
portion of a disc drive apparatus of the present embod- 

inrient. 

[0116] A disc 1 is placed on a turn table, which is not 
shown, and Is rotated and driven at a constant linear 
velocity (CLV) or a constant angular velocity (CAV) by a 
spindle motor 2 during a recording/reproducing opera- 
tion. The pickup 3 reads data that is recorded on the 
disc 1 in the fomn of embossed pits, dye-change pits, 
phase-change pits, or the like. 

[0117] The pickup 3 includes a laser diode that pro- 
vides a laser light source, photodetectors for detecting 
reflected light, an objective lens that serves as the out- 
put end of laser light, an optical system, and a two-axis 
mechanism. The optical system illuminates the disc re- 
cording surface with laser light via the objective lens and 
guides light reflected from the disc recording surface to 
the photodetectors. The two-axis mechanism holds the 
objective lens such that it can move In a tracking direc- 
tion and a focus direction. 

[0118] The entire pickup 3 can be moved by a slide 
drive unit 4 in the disc radial direction. 
[0119] Light infomnation reflected from the disc 1 is 
detected by the photodetectors and is converted into an 
electrical signal corresponding to the intensity of re- 
ceived light, and the electrical signal is supplied to an 
RF amplifier 8. 

[0120] The RF amplifier 8 includes a current-voltage 
conversion circuit, a matrix-calculation/amplification cir- 
cuit, and so on so as to correspond to current output 
from the photodetectors in the pickup 3. The RF ampli- 
fier 8 performs matrix-calculation processing to gener- 
ate necessary signals. Examples of the signals include 
an RF signal that serves as reproduction data, a focus 
enror signal FE for servo-control, and a tracking error 
signal TE. 

[0121] The RF amplifier 8 supplies the reproduction 
RF signal to a reproduction-signal processor 9 and also 
supplies the focus en-or signal FE and the tracking en-or 
signal TE to a servo control unit 1 0. 
[0122] For a ROM disc and a recorded region of a re- 
cordable disc, the tracking error signal TE is detected 
by a differential phase detection (DPD) system. On the 
other hand, for an unrecorded region of a recordable 
disc, the tracking error signal TE is detected by a push- 
pull system. Thus, the system for generating the track- 
ing error signal TE at the RF amplifier 8 can be switched 
depending on a disc type and (recorded/unrecorded) ar- 
eas on the disd . 

[01 23] For a recordable disc, a track is fomned with a 
wobbling groove. As described above, AD IP information 
is recorded with wobbles of the groove. The compo- 
nents of wobbles can be obtained by the RF amplifier 8 
as, for example, push-pull signals P/P, which are sup- 
plied to a wobble decoder 16 for detection of the ADIP 
infomiation. 



[01 24] The reproduction RF signal provided by the RF 
amplifier 8 is subjected by the reproduction-signal proc- 
essor 9 to binarization, PLL clock generation, decode 
processing for EFM+ signal (i.e., an eight-to-sixteen 

5 modulated signal), and error-correction processing. 
[01 25] The reproduction -signal processor 9 performs 
decode processing and en-or-correction processing by 
using a DRAM (dynamic random access memory) 11. 
The DRAM 1 1 is used as a memory for storing data ob- 

10 tained via a host interface 1 3 and is also used as a cache 
for transferring data to a host computer. 
[0126] The reproduction -signal processor 9 accumu- 
lates decoded data in the DRAM 11 that serves as the 
cache memory. 

15 [0127] Data buffered in the DRAM 11 is read, trans- 
ferred, and output as a reproduction output of the disc 
drive apparatus. 

[0128] Out of information obtained by perfonning 
EFM+ demodulation and error correction on the RF sig- 

20 nal, the rep reduction -signal processor 9 extracts sub- 
code information, address infonnation, control informa- 
tion, and appended information, and supplies the ex- 
tracted infonnation to a controller 12. 
[01 29] From the push-pull signal, the wobble decoder 

25 16 decodes the ADIP infonnation (or, for example, LPP 
infonnation, ATIP information, and sector ID information 
depending on a disc type), which is recorded in wobbling 
grooves. The wobble decoder 16 further extracts ad- 
dress information (ADIP addresses) and physical format 

30 information (PFI), which are recorded in the wobbling 
grooves, and supplies the extracted information to the 
controller 12. 

[01 30] The controller 1 2 is Implemented by, for exam- 
ple, a micro computer to control the entire apparatus. 
35 [01 31 ] The host interface 1 3 is connected to external 
host equipment, such as a personal computer, and com- 
municates reproduction data, read/write command, and 
so on with the host equipment. 

[0132] Reproduction data stored in the DRAM 11 is 
40 output andtransferred to the host equipment via the host 
interface 13, 

[0133] A read/write command, record data, and other 
signals that are transmitted from the host equipment via 
the host interface 1 3 are buffered in the DRAM 1 1 or are 
45 supplied to the controller 12. 

[01 34] A write command and record data are supplied 
from the host equipment so that recording is performed 
on the disc 1 . 

[0135] When data is recorded, the record data buff- 
50 ered in the DRAM 11 is subjected by a modulation unit 
14 to processing for recording. Examples of the 
processing include error-correction-code addition and 
EFM+ modulation. 

[01 36] The resulting record data is supplied to a laser 
55 modulation circuit 1 5. In accordance with the record da- 
ta, the laser modulation circuit 15 drives a semiconduc- 
tor laser in the pickup 3 to cause laser light to be output, 
thereby, writing data to the disc 1 . 



8 



BNSDOCID: <EP___1492117A2J_> 



15 



EP1 492117 A2 



16 



[0137] During the recording operation, the controller 
1 2 perfomns control such that the pickup 3 Illuminates a 
recording region of the disc 1 with laser light at a record- 
ing power level. 

[0138] When the disc 1 Is a write-once disc that uses 
a dye-change filnn as a recording layer, Illumination with 
laser light at a recording power level causes a dye 
change to thereby form pits (recording marks). 
[0139] When the disc 1 is a rewritable disc having a 
phase-change recording layer, a temperature increased 
by the laser light changes the crystal structure of the 
recording layer to thereby fomri phase change pits (re- 
cording marks). Thus, various types of data are record- 
ed by the presence/absence and varied lengths of pits. 
When a portion where pits are fonned Is illuminated with 
laser light again, the crystal state that has changed dur- 
ing data recording returns to Its original state. Conse- 
quently, the pits disappear and thus the data is erased. 
[0140] For example, in accordance with the focus er- 
ror signal FE and the tracking error signal TE sent from 
the RF amplifier 8 and a splndie error signal SPE sent 
from the reproduction-signal processor 9 or the control- 
ler 1 2, the servo control unit 1 0 generates various servo- 
drive signals for focus, tracking, sled, and spindle ser-. 
vos, and executes servo operations. 
[0141] Thus, the servo control unit 1 0 generates a fo- 
cus drive signal and a tracking drive signal in accord- 
ance with the focus error signal FE and the tracking error 
signal TE, and supplies the generated drive signals to 
a focusAracking drive circuit 6. The focus/tracking drive 
circuit 6 drives a focus coil and a tracking coil of the two- 
axis mechanism in the pickup 3. Thus, the pickup 3, the 
RF amplifier 8, the servo control unit 1 0, the focus/track- 
ing drive circuit 6, and the two-axis mechanism fomri a 
tracking servo loop and a focus servo loop. 
[0142] In order to turn on the focus servo, a focus 
search operation must first be executed. The focus 
search operation is to detect a position at which the fo- 
cus error signal FE exhibits an S-shaped curve while 
forcibly moving the objective lens with the focus servo 
being turned off. As is well known to those skilled in the 
art, a linear region of an S-shaved curve of a focus error 
signal is a region where the position of the objective lens 
. can be brought into a focus position by closing the focus 
servo loop. Thus, the focus search operation is per- 
formed by detecting the "focus brought-in region" while 
forcibly moving the objective lens and by turning on the 
focus servo at the detection-based timing. This focus 
servo operation can keep the laser spot to be focused. 
[0143] In the case of the present embodiment, the 
disc 1 may have a dual-layer structure with layer 0 and 
layer 1 , as described above. 

[0144] Naturally, when a recording/reproducing oper- 
ation is perfomned on layer 0, the laser light must be 
focused on layer 0. Similarly, when a recording/repro- 
ducing operation is perfomied on layer 1 , the laser light 
must be focused on layer 1 . 

[0145] Such shift of the focus position between layer 



0 and layer 1 is perfonned by a focus jump operation. 
[0146] When the laser light is focused on one layer, 
the focus jump operation is executed by turning off the 
focus servo to forcibly move the objective lens and by 
5 turning on the focus servo at a point when the objective 
lens reaches within the focus brought-in region for the 
other layer (i.e., at a point when an S-shaped curve is 
observed). 

[0147] The servo control unit 10 further supplies a 

10 spindle drive signal, generated in accordance with the 
spindle error signal SPE, to a spindle-motor drive circuit 
7. In response to the spindle drive signal, the spindle- 
motor drive circuit 7 supplies, for example, a three- 
phase drive signal to the spindle motor 2, thereby rotat- 
es ing the spindle motor 2. The servo control unit 10 also 
generates a spindle drive signal In response to a spindle 
kick/brake control signal sent from the controller 12, 
thereby causing the splndle-motor drive circuit 7 to ex- 
ecute operations, such as the start, stop, acceleration, 

20 and deceleration of the spindle motor 2. 

[0148] For example, the servo control unit 1 0 gener- 
ates a slide error signal, which is obtained as a low fre- 
quency component of the tracking error signal TE, and 
also generates a slide drive signal in accordance with 

25 an access-executtng-control signal and so on sent from 
the controller 1 2. The servo control unit 1 0 then supplies 
the generated signals to a slide drive circuit 5. The slide 
drive circuit 5 drives a slide drive unit 4 In response to 
the slide drive signal. The slide drive unit 4 has a mech- 

30 anism (not shown) constituted by a sled motor, trans- 
mission gears, amain shaft for holding the pickup 3, and 
so on. In response to the slide drive signal, the slide 
drive circuit 5 drives the slide drive unit 4 to perform re- 
quired slide movement of the pickup 3. 

35 [0149] As described above, during recording, the la- 
ser modulation circuit 15 performs driving such that la- 
ser light corresponding to record data Is output from the 
laser diode in the pickup 3. More specifically, during re- 
cording, the laser modulation circuit 15 causes laser 

40 light, modulated based on the record data, to be output 
at a high level of laser power, and during reproduction, 
the laser modulation circuit 15 causes laser light to be 
continuously output at a low level of laser power. 
[0150] Thus, the laser modulation circuit 15 includes 

45 a write strategy circuit for generating a laser modulation 
signal and shaping the waveform thereof In accordance 
with the record data, a laser drive circuit for driving the 
laser diode, and a power-contrcl circuit for controlling 
the laser power at a constant level. 

50 [0151 ] The laser power is controlled during reproduc- 
tion and during recording such that predetermined re- 
production-laser power and recording-iaser power are 
output with stability. That is, a monitor detector (not 
shown) provided in the pickup 3 supplies a laser-power 

55 monitor signal to the power control circuit in the laser 
modulation circuit 15. In turn, by comparing the monitor 
signal with a reference level (i.e., a level set for the re- 
production-laser power or recording-laser power), the 
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power control circuit controls an output of the laser drive 
circuit to stabilize the power of laser light output from 
the laser diode. 

[0152] The recording-laser power and the reproduc- 
tion-laser power must be set to their respective optimum 
values depending on the disc 1. Thus, for example, 
when the disc 1 is loaded into the apparatus, the con- 
troller 12 perfomis a test-write recording/reproducing 
operation on the disc 1 to execute processing for 
searching for the optimum laser-power values. For ex- 
ample, the controller 1 2 checks jitter and/or an error rate 
while varying the laser power in a step-by-step manner, 
thereby searching for optimum laser-power values. The 
controller 12 then sets the found optimum recording-la- 
ser power and reproduction-laser power in the power 
control circuit of the laser modulation circuit 15 as ref- 
erence levels, respectively. By doing so, optimum laser 
power control is perfomned during recording and during 
reproduction. 

[0153] For the dual-layer disc, optimum laser power 
is set for e^h recording layer. Thus, processing for set- 
ting optimum laser power is performed for each record- 
. ing layer. 

2-2 Close Processing for Write-Once Disc 

[0154] As described above, on the disc 1 in the em- 
bodiment, the maximum address (i.e., the maximum 
PSN) of a data zone in each recording layer is recorded 
in the PFI in the ADIP infomnation. Thus, when the disc 
1 Is loaded, the disc drive apparatus can detemnine a 
maximum address that can be used for a data zone in 
each receding layer, based on the PFI. 
[0155] Now, close processing or lead-in update 
processing after recording of user data will be described 
first, and then processing that is executed by the disc 
drive apparatus upon the loading of the disc 1, i.e., 
processing for checking a maximum address that can 
be used for a data zone in each recording layer will be 
described. 

[01 56] First, session close processing for a write-once 
disc (DVD-f R disc) will be described. 
[0157] FIG. 11 shows session close processing exe- 
cuted by the controller 12.' 

[01 58] The session close processing is performed, for 
example, when an instruction for closing a session Is 
issued from host equipment after user data Is recorded 
in a data zone of the loaded desk 1 or when an instruc- 
tion for closing a certain session is issued from host 
equipment during multi-session recording. 
[0159] In response to the session-close instruction (i. 
e., a session close command) issued from host equip- 
ment, the controller 12 detemnines in step F101 shown 
in FIG. 11 that a session close is required and then the 
process proceeds to step F1 02. 

[0160] In step F102. the controller 12 determines 
whether or not data of a session specified by the session 
close instruction has been recorded across a plurality of 



recording layers. That is, with respect to the session , the 
controller 12 detemnines whether or not user data has 
been recorded across layer 0 and layer 1 . 
[0161] When the controller 12 detemnines that user 
5 data is not recorded across a plurality of layers , the proc- 
ess proceeds to step F1 06. In step F1 06, session close 
processing is perfomned for that session. That is, a lead- 
out is formed using, for example, dummy data so as to 
be contiguous to the end of the user data and also a 
10 lead-In (or an Intro) is recorded. For close processing 
for a single session as shown in FIG. 2A or session 1 of 
multi sessions as shown in FIG. 2B, a lead-in Is record- 
ed. Altematively, for close processing for a session after 
session 2 of multi-sessions, an intro is recorded. 
15 [0162] Control information recorded in the lead-in or 
intros includes file information of recorded user data and 
the PFI (physical fomnat infonnation) that has been read 
out as ADiP Infomnation upon the loading of the disc 1 . 
That iSj the content of the PFI is used, without being 
20 changed, as part of control infomnation in the lead-in 
(and intros). Thus, the value of "maximum PSN of layer 
0" in the PFI is not changed either. 
[0163] When it is determined in step F102 that data 
of a session specified by the session close instruction 
25 has been recorded across a plurality of recording layers, 
the process proceeds to step F103. In step F103, the 
value of "maximum PSN of layer 0" obtained as ADIP 
infomnation is compared with the last address at which 
user data has actually been recorded in layer 0. 
30 [0164] When the last address at which the user data 
has been recorded matches the value of "maximum 
PSN of layer 0", this means a case In which the data 
zone in layer 0 is fully utilized to record the user data. 
On the other hand, when they do not match each other, 
35 this means that recording shifted to layer 1 without fully 
utilizing the data zone in layer 0. 
[0165] When the result of the comparison shows a 
match, the process proceeds from step F104 to step 
F106, In which session close processing is performed. 
40 [01 66] Specifically, a lead-out is formed, for example, 
with dummy data so as to be contiguous to the end of 
user data and a lead-in (or an intro) that contains content 
of the PFI is recorded. In this case as well, "maximum 
PSN of layer 0" in the PFI Is not changed. 
45 [0167] When the result of the connparison In step F1 03 
does not show a match, the process proceeds from step 
F1 04 to step F1 05. In step F1 05, the value of "maximum 
PSN of layer 0" in the PFI which has been read is 
changed to the value of the last address at which the 
so actual user data has been recorded. 

[0168] In step F1 06, session close processing is per- 
formed. Specifically, a lead-out is formed with, for ex- 
ample, dummy data so as to be contiguous to the end 
of the user data, and a lead-in (or intro) that contains 
55 content of the PFI is recorded. Thus, in this case, "max- 
imum PSN of layer 0" in the PFI recorded as control in- 
formation in the lead-in (or intro) is changed in accord- 
ance with the actual recording state of the user data. 
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[0169] As described above, during session closing for 
a session recorded across a plurality of layers of a write- 
once disc, when the end of user data recorded in layer 
0 is different from "maximum PSN of layer 0" in the PFI 
In the ADIP, control Infomnation for a lead-in or an Intro 
Includes the PFI content with which "maximum PSN of 
layer 0" being changed. 

2-3 Lead-in Update Processing for Rewritable Disc 

[01 70] Next, a lead-in processing for a rewritable disc 
(DVD+RW disc) will be described. 
[0171] Processingforupdatingthe control Information 
in a lead-in is performed when an instruction is issued 
from host equipment or when the disc 1 Is ejected after 
user data rs recorded in a data zone of the disc 1 loaded. 
[0172] In addition, when the disc 1 Is finalized, the 
lead-in is updated. 

[0173] FIG. 12 shows lead-in update processing per- 
formed by the controller 12 in such various cases. 
[0174] When a lead-in update instruction or a finaliza- 
tion Instruction is issued from host equipment or when 
a disc ejection instruction is given, the controller 12 de- 
termines that it is time for lead-in update and the process 
proceeds from step F201 to step F202 shown in FIG. 1 2. 
[0175] In step F202, a determination is made as to 
whether or not the current lead-in update is to be per- 
formed as part of finalization. 

[01 76] When it Is determined as not being for f inaliza- 
tion, the process proceeds from step F202to step F206, 
In which the lead In is updated. That is, control infomna- 
tion in which the current recording state is reflected is 
recorded in the lead-in zone as file information of the 
recorded user data. Further, content of the PFI is also 
recorded In the control information. In this case, "maxi- 
mum PSN" of layer 0" in the control infonnation is not 
changed from a value obtained as ADIP information. 
[0177] On the other hand, when it is detemnined In 
step F202 that the lead-in update Is part of finalizatlon, 
the process proceeds to step F203. In step F203, first, 
the last address where the user data is recorded in layer 
0 is compared with the value of "nnaximum PSN of layer 
0" obtained from the PFI in the ADIP Infomnation. 
[0178] When the result of the comparison shows a 
match, the process proceeds from step F204 to step 
F206, In which the lead-in is updated. That Is, control 
Infomnation in which the final recording state is reflected 
is recorded In the lead-in zone (orthe lead-in Is updated) 
as file Infonnation of the recorded user data. In this case, 
content of the PFI is also recorded in the control infor- 
mation, but "maximum PSN of layer 0" in the control in- 
fomnation is not changed from a value obtained as ADIP 
infonnation. 

[0179] When the result of the comparison instep F203 
does not show a match, the process proceeds from step 
F204tostep F205. In step F205,the value of "maximum 
PSN of layer 0" in the PFI which has been read is 
changed to the value of the last address at which the 



actual user data has been recorded. 
[0180] In step F206. processing for updating the lead- 
in is perfomned. Specifically, control infomnation In which 
the final recording state of the user data Is reflected is 

5 recorded (i.e., updated) in the lead-in zone. The PFI in 
the control infomnation contains the value changed in 
step F205 for "maximum PSN of layer 0", i.e., the value 
that has been changed In accordance with the actual 
recording state of the user data. 

10 [0181] As described, when the lead-in update 
processing Is performed on a rewritable disc, this means 
a case in which the disc is finalized. Furthemnore, when 
the end of user data recorded in layer 0 is different from 
"maximum PSN of layer 0" in the PFI in the ADIP, the 

15 lead-in control information contains content of the PFI 
with "maximum PSN of layer 0" being changed. 

2-4 Processing Upon Insertion of Disc 

20 [0182] Processing when the disc 1 is inserted into the 
disc drive apparatus will now be described with refer- 
ence to FIG. 13. 

[0183] When the disc 1 Is loaded, first, in step F301 , 
the optical head 3 is mechanically moved to the inner- 

25 circumference side of the disc 1 . 

[01 84] Next, in step F302 , the disc 1 is illuminated with 
laser light from the optical head 3 at the inner-circum- 
ference side and the objective lens is forcibly moved in 
a focus direction. In the same manner, the number of 

30 recording layers and the disc type are identified. 

[0185] As is well known to those skilled in the art, 
when the objective lens is forcibly moved in a focus di- 
rection, an S-shaped curve is observed from a focus er- 
ror signal, which is obtained as a result of reflected-light 

35 infomnation, in the vicinity of a focal point on the record- 
ing layer. Thus, observing S-shaped curves allows iden- 
tification of the number of recording layers of the disc 
and the type of disc. 

[0186] For example, during a period when the objec- 
40 tlve lens Is moved from a position farthest from the disc 
to a position closest to the disc (or during a period when 
the objective lens is moved in the direction opposite 
thereto), when an S-shaped curve is observed once, the 
disc Is identified as a single-layer disc, and when an S- 
45 shaped is obsen^ed twtee, the disc Is identified as a dual- 
layer disc. 

[01 87] For discs such as CDs, DVDs, and SACDs, the 
position of each recording layer in the thickness direc- 
tion of the disc and the spacing between recording lay- 
50 ers are different depending on each disc, so that the type 
of disc can be identified based on the observation timing 
of an S-shaped curve or the Interval of occurrence of a 
plurality of S-shaped curves during. a focus-search op- 
eration. 

55 [0188] A recording/reproducing apparatus intended 
for a recordable disc is designed to pjerform observation 
. by considering a difference in reflectance bet\veen re- 
corded regions and unrecorded regions, and thus can 
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perfoim precise observation even when the reflectance 
is low and S-shaped curves has small amplitude. 
[01 89] Thus, such a recording/reproducing apparatus 
can detect the difference of ROM type, rewritable type, 
and write-once type in accordance with a reflectance dif- 
ference resulting from recording layers. This also makes 
it possible to determine whether or not pits (recording 
marks) are present, i.e., whether or not information Is 
recorded on a groove disc. 

[01 90] When it is determined in step F302 that the disc 
1 is not a groove disc, i.e., a read-only disc, the process 
proceeds from step F303 to step F306. In step F306, 
lead-in control infonnation recorded in pits (recording 
mari<s) is read out. 

[0191] On the other hand, when it is determined in 
step F302 that the disc 1 is a recordable disc, the proc- 
ess proceeds from step F303 to step F304. In step F304, 
first, the physical format infonnation (PFI) recorded In a 
wobbling groove in the lead-In zone is read out. 
[0192] When the disc 1 in the present embodiment is 
loaded, the controller 1 2 can recognize various types of 
information shown In FIG. 8 by reading the PFI, and can 
particularly recognize the first PSN of the data zone, the 
maximum PSN of the datazone, andthe maximum PSN 
of layer 0 from the data zone allocation infonnation 
shown in FIG. 9. 

[0193] At this point, when it has been detennlned in 
step F302 described above that pits are not recorded In 
the lead-in zone of the recordable disc, the process pro- 
ceeds from step F305 to step F307. In step F307, the 
value of "maximum PSN of layer 0" read from the PFI in 
the AD IP is determined as the actual maximum PSN of 
layer 0. 

[0194] That is, when the disc 1 is a disc having an 
unwritten lead-in zone (e.g., a blank disc), the controller 
12 detemnines the actual maximum PSN of layer 0 of 
the disc 1 based on the value of "maximum PSN of layer 
0" whbh serves as ADIP information. 
[0195] When it is has been detennlned in the deter- 
mination processing in step F302 that pits are recorded 
(i.e., lead-in control infonnation is written) In the lead-in 
zone of a recordable disc, the process proceeds from 
step F305 to step F306. In step F306, control infonna- 
tion recorded as the pits (i.e., recording marks) in the 
lead-in zone Is read out. For multi-session recording on 
a write-once disc, when a second session or later exists, 
intro information of the session is also read out. 
[0196] As can be understood from the processing 
shown in FIGS. 11 and 12, control information in the 
lead-in. and intros include content of the PFI. 
[01 97] When the control information is read out in step 
F306, In step F308, the value of "maximum PSN of layer 
0" in the PFI content recorded in the control information 
is determined as the actual maximum PSN of layer 0. 
[0198] That is, for a write-once disc to which lead-in 
(or intro) control Infonnation has been written by close 
processing or a rewritable disc having a lead-in zone to 
which information has been written even once, the con- 



troller 12 determines the actual maximum PSN of layer 
0 of the disc 1 , based on the value of "maximum PSN 
of layer 0" which serves as ADIP infonnation. 
[01 99] As described above, when a recordable disc is 
5 loaded, the controller 12 first reads the ADIP infonna- 
tion. Thus, based on the PFI contained in the ADIP in- 
fonnation, the controller 12 can check the maximum ad- 
dress of each layer. 

[0200] Thus, after the maximum address of a data 
10 zone in each layer is precisely checked, user data is re- 
corded. For example, during the control of operations 
for setting a user-data recording region, a reproduction 
region, an access limit, and so on, processing is per- 
fomned by refening to the maximum address of the data 
15 zone in each layer. 

[0201] Such a capability of obtaining a maximum PSN 
that can be used for the data zone in layer 0, as de- 
scribed above, means that the maximum address of a 
data zone in each layer can be determined for each disc. 
Thus, this arrangement allows a disc drive apparatus to 
easily deal with even a data-zone change resulting from 
conventional fonnat expansion/change. Controlling a 
recording/reproducing operation in accordance with da- 
ta-zone allocation information obtained from the PFI in 
the ADIP allows execution of an operation correspond- 
ing to the format of data-zone of each disc. 
[0202] By recognizing the maximum PSN of a data 
zone in each layer, the disc drive apparatus can perform 
appropriate operational control, such as regulating a 
movement during address-search and controlling the in- 
teriayer-retum position during user-data recording. 
[0203] Since "maximum PSN of layer 0" described 
above is infonnation of expanded PFI information re- 
corded in the ADIP, the disc drive apparatus does not 
require a change in hardware configuration and only re- 
quires a change in software for recognizing content of 
the PFL 

[0204] As can be seen from the processing shown in 
FIG. 13, afterthe PFI is reflected in the lead-in (or intro) 
control infonnation, the maximum PSN of each layer is 
detennlned based on data-zone allocation information 
(such as "maximum PSN of layer 0") of the PFI in the 
control information. Thus, the maximum PSN of layer 0 
is a value in which the last address at which actual user 
data is recorded Is reflected, when the disc Is In a state 
In which recording to layer 0 Is completed (i.e.. closed 
or finalized). Thus, even after the maximum PSN of each 
layer has been changed by recording user data and fi- 
nalizing the recording, the controller 12 can accurately 
check the maximum PSN. This arrangement, therefore, 
allows optimized playback control. 
[0205] While the disc drive apparatus can readily deal 
with a change in data-zone, as described above, the 
disc drive apparatus can also deal with a change in disc 
size. For example, the disc drive apparatus can deal 
with a capacity change due to addition of a disc-size 
standard (e.g., an 8-cm diameter disc). 
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3. Modification 

[0206] Various modifications and application exam- 
ples are possible to the present invention. 
[0207] While the dual-layer recordable DVD discs has 
been described in conjunction with DVD+R and 
DVD+RW discs, the present invention is simllariy appli- 
cable to other dual-layer discs, such as DVD-R, 
DVD-RW. and DVD-RAM discs. 
[0208] Further, the present invention is effective for 
not only DVD system discs but also other types of discs, 
such as CD-system and Blue-ray disc system, and is 
also effective for not only discs but also media having a 
plurality of recording layers. 

[0209] The dual-layer discs herein also refer to discs 
including so-called two-sided laminated discs. 
[0210] While the description in the embodiment has 
been given in conjunction with the dual-layer discs, the 
present Invention is preferably used for storage media 
having three or more recording layers. 
[021 1 ] According to the data-zone ailocation inf omna- 
tion as shown in FIG. 9, the maximum address in the 
last data zone in the recording layer is recorded as 
"maximum PSN in the data zone". Thus, it is sufficient 
for an N-layer disc that each maximum PSN of the first 
layer to (N-1)th layer is recorded in the PFl. 
[0212] For example, with the PFl structure shown in 
FIG. 8, a reserved byte (a byte indicated by "set to (00)") 
is utilized to provide a definition such that the maximunri 
PSN In the data zone in each layer is recorded. 
[0213] The data-zone allocation infomnation contain- 
ing "maximum PSN of layer 0" that serves as ADIP in- 
formation for a disc is not limited to infomriation that is 
recorded in the PFl configured as AUX data in the lead- 
in zone. 

[021 4] For example, the data -zone allocation inf omia- 
tion may be recorded using ADIP infomnation in the data 
zone or another zone. 



Claims 

1. A storage medium comprising: 

a plurality of recording layers to which data Is 
recordable; and 

wobbling grooves that are pre-formed In rela- 
tion to the plurality of recording layers as re- 
cording tracks in accordance with addresses 
and physical format infomnation, 

wherein the physical format information con- 
tains infomnation of a maximum position at which 
user data Is recordable in each recording layer. 

2. The storage medium according to claim 1 , wherein 
first one of the recording layers has a first data zone, 
In which the user data is recorded, and a lead-in 



zone, provided at the inner-circumference side of 
the first data zone; second one of the recording lay- 
ers is laminated with the first recording layer and 
has a second data zone, in which the user data is 
5 recorded., and a lead-out zone, provided at the in- 
ner-circumference side of the second data zone; 
and the maximum position information is recorded 
by wobbling the recording tracl<s in the lead-in zone. 

10 3. The storage medium according to claim 2, wherein 
the addresses are recorded in the first data zone 
from the inner-circumference side toward the outer- 
circumference side and are recorded in the second 
data zone from the outer-circumference side toward 

15 the inner-circumference side, and middle areas are 
provided at the outer-circumference side of the first 
and second data zones. 

4. The storage medium according to claim 2, wherein 
20 . the maximum position information contains a max- 
imum address in the first data zone. 

5. The storage medium according to claim 4, wherein 
the maximum position information contains a max- 

25 imum address in all data zones including the first 
and second data zones. 

6. The storage medium according to claim 2, wherein 
the maximum position information is repeatedly re- 

30 corded In the lead-in zone. 

7. A recording/reproducing apparatus for a storage 
medium having a plurality of recording layers to 
which data is recordable and having addresses and 

35 physical format information which are pre-recorded 
with wobbles of grooves that provide recording 
traicks, the physical fonnat information containing 
information of a maximum position at which user da- 
ta is recordable in each recording layer, the record- 

40 ing/reproducing apparatus comprising: 

a recording/reproducing unit for recording and/ 
or reproducing data to and/or from each record- 
ing layers; 

45 a groove-lnfonnation reading unit for reading 

the addresses and the physical fomnat informa- 
tion which are recorded with the wobbles of the 
grooves; and 

a controlling unit for checking a user-data-re- 
50 cordable maximum position based on the phys- 

ical format information read by the groove-in- 
formation reading unit, to control a recording/ 
reproducing operation. 

55 8. The recording/reproducing apparatus according to 
claim 7, wherein the controlling unit causes the re- 
cording/reproducing unit to record control informa- 
tion, containing the physical fomnat Information, in 
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a predetermined region of the storage medium at 
predetermined timing after recording of the user da- 
ta, and the value of the maximum position informa- 
tion Is changed in accordance with an actual record- 
ing state of the user data, the maximum position in- 5 
formation being a content of the physical format in- 
fomriation contained In the control information. 

9. A recording/reproducing method for a storage me- 
dium having a plurality of layers to which data is re- io 
cordable and having addresses and physical f orniat 
Infonnatlon which are pre-recorded with wobbles of 
grooves that provide recording tracks, the physical 
format information containing information of a max- 
imum position at which user data is recordable in 15 
each recording layer, the recording/reproducing 
method comprising: 

a groove- information reading step of reading 
the addresses and the physical fomnat informa- 20 
tion which are recorded with the wobbles of the 
grooves; 

a checking step of checking a user>data-re- 
cordable maximum position based on the phys- 
ical format infomnation read in the group-infor- 25 
mation reading step; and 
a controlling step of performing predetermined 
control for a recording/reproducing operation, 
in accordance with the user-data-recordable 
maximum position checked In the checking 30 
step. 

10. The recording/reproducing method according to 
claim 9, further comprising a control-information re- 
cording step of recording control infonnatlon, con- 35 
taining the physical format Information, in a prede- 
temiined region of the storage medium at predeter- 
mined timing after recording of the user data, 
wherein, In the control-infonnation recording step, 
the value of the nnaximum position infomiation is 40 
changed in accordance with an actual recording 
state of the user data, the maximum position Infor- 
mation being a content of the physical fomnat infor- 
mation contained in the control infomnation. 
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FIG. 8 
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FIG. 11 
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FIG. 12 
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FIG. 13 
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